Insulin resistance and type 2 diabetes are major risk factors for vascular complications. Vascular smooth muscle cells (VSMCs) derived from db/db mice, an established mouse model of type 2 diabetes, displayed enhanced inflammatory gene expression and proatherogenic responses. We examined the hypothesis that aberrant epigenetic chromatin events may the underlying mechanism for this persistent dysfunctional behavior and "memory" of the diabetic cells. Chromatin immunoprecipitation assays showed that levels of histone H3 lysine 4 dimethylation (H3K4me2), a key chromatin mark associated with active gene expression, were significantly elevated at the promoters of the inflammatory genes monocyte chemoattractant protein-1 and interleukin-6 in db/db VSMCs relative to db/ϩ cells. Tumor necrosis factor-␣-induced inflammatory gene expression, H3K4me2 levels, and recruitment of RNA polymerase II at the gene promoters were also enhanced in db/db VSMCs, demonstrating the formation of open chromatin poised for transcriptional activation in diabetes. On the other hand, protein levels of lysine-specific demethylase1 (LSD1), which negatively regulates H3K4 methylation and its occupancy at these gene promoters, were significantly reduced in db/db VSMCs. High glucose (25 mmol/L) treatment of human VSMCs also increased inflammatory genes with parallel increases in promoter H3K4me2 levels and reduced LSD1 recruitment. LSD1 gene silencing with small interfering RNAs significantly increased inflammatory gene expression and enhanced VSMC-monocyte binding in nondiabetic VSMCs. In contrast, overexpression of LSD1 in diabetic db/db VSMCs inhibited their enhanced inflammatory gene expression. These results demonstrate novel functional roles for LSD1 and H3K4 methylation in VSMCs and inflammation. Dysregulation of their actions may be a major mechanism for vascular inflammation and metabolic memory associated with diabetic complications. (Circ Res. 2008;103:615-623.) 
D iabetes, insulin resistance, and the metabolic syndrome are associated with significantly increased rates of vascular complications such as atherosclerosis. [1] [2] Vascular inflammation, dyslipidemia, and enhanced oxidant stress have been shown to be among the major risk factors. [3] [4] [5] Enhanced expression of proinflammatory cytokines and chemokines is associated with vascular inflammation in type 2 diabetes (T2D), insulin resistance, and atherosclerosis. 3, 6 Several mechanisms, including hyperglycemia (HG), oxidant stress, increased flux through the polyol and hexosamine pathways, formation of advanced glycation end products, and protein kinase C (PKC) activation 2, 7, 8 have been proposed to be involved in these events. Enhanced inflammatory gene expression and proatherogenic responses in vascular smooth muscle cells (VSMCs) play important roles in the pathogenesis of atherosclerosis and vascular dysfunction. 9, 10 Diabetogenic agents such as HG and AGEs further enhance these events. 4, 7 VSMCs cultured under HG (25 mmol/L) conditions to mimic a diabetic state exhibit significantly increased rates of basal and growth factor induced proatherogenic responses including hypertrophy, proliferation, and migration relative to those cultured in normal glucose (NG) (5.5 mmol/L). 4, [11] [12] [13] Advanced glycation end products (AGEs) and other RAGE (receptor for AGEs) ligands also induce inflammatory genes and migration in VSMCs. 14, 15 We recently demonstrated that VSMCs derived from db/db mice, a well-established model of insulin resistance, obesity, and type 2 diabetes (T2D), exhibit increased inflammatory gene expression and proatherogenic responses, such as migration and monocyte binding even after culturing for 5 to 8 passages. 15, 16 This "preactivated state" of VSMCs from diabetic mice may be attributable to "metabolic memory" induced by the prior exposure to sustained hyperglycemia in diabetic animals. Macrophages and endothelial cells isolated from db/db mice also exhibited this preactivated state in short term cultures, 17, 18 further supporting the role of metabolic memory in persistent vascular inflammation. Identifying the molecular mechanisms involved in these events is important to prevent or treat accelerated vascular complications in diabetes.
Recently, epigenetic mechanisms involving covalent modifications of nucleosomal histones have emerged as another level of gene regulation. 19 Epigenetic histone marks are posttranslational modifications of exposed amino-terminal tails of nucleosomal histones H2, H3, and H4 in chromatin. These include acetylation, phosphorylation, sumoylation, methylation, and ubiquitination. 20, 21 Such histone modifications in chromatin act sequentially or in concert with others to form a "histone code" that is read by chromo-or bromodomain-containing regulatory proteins to initiate downstream biological responses, including transcriptional activation or repression. 22, 23 Methylation of histone H3 at lysine 4 (H3K4) is usually associated with active gene expression. H3K4 can be monomethylated (me1), dimethylated (me2), or trimethylated (me3) on -amino side chains of Lys residues by specific histone H3K4 methyltransferases such as SET7/9 or MLL. 21 The recent discovery of lysine-specific demethylase (LSD)1, which specifically removes histone H3K4 monoand dimethylation (H3K4me1 and -me2) demonstrated the dynamic nature of H3K methylation. 24 LSD1, also known as p110b, BHC110, or NPAO, belongs to a family of amine oxidases and catalyzes lysine demethylation in a flavin adenine dinucleotide-dependent manner. 24, 25 It has 3 domains, an amino-terminal SWIRM domain, a central Tower domain, and a carboxyl-terminal amine oxidase-like domain. The SWIRM domain enables LSD1 association with chromatin, whereas the Tower domain interacts with other nuclear factors such as Co-REST, and the amine oxidase-like domain contains subdomains for the binding of substrate and cofactor FAD. 25, 26 LSD1 is associated with several other factors in the nucleus which regulate its activity including Co-REST, histone deacetylase (HDAC)1, HDAC2, and BHC80. 24 Interaction with Co-REST is essential for the demethylase activity of LSD1 on nucleosomal histones. Co-REST knockdown by small interfering (si)RNAs reduces LSD1 protein levels, suggesting that it may also play a role in LSD1 protein stability. 27, 28 LSD1 expression is regulated in human diseases such as prostrate cancer. 25 However, nothing is known about its role in the vessel wall in diabetes or in VSMC inflammatory gene expression.
Because H3K4 dimethylation (H3K4me2) is an epigenetic mark of gene activation and its removal by LSD1 can lead to gene repression, we examined the hypothesis that aberrant H3K4 methylation through dysregulation of LSD1 functions by the diabetic milieu may be a key mechanism involved in sustained inflammatory gene expression associated with the preactivated state of diabetic db/db VSMCs. Our novel results show that LSD1 levels are decreased in db/db VSMCs, and this is associated with reduced LSD1 occupancy and increased H3K4me2 levels at the promoters of inflammatory genes, along with parallel enhanced responses to inflammatory stimuli. Furthermore, results obtained with gene silencing or overexpression of LSD1 could demonstrate its functional role in VSMC inflammatory gene expression and monocyte-VSMC binding, suggesting that LSD1 and H3K4 methylation play key roles in vascular inflammation.
Materials and Methods
An expanded Materials and Methods section is available in the online data supplement at http://circres.ahajournals.org.
Mouse VSMCs (MVSMCs) were isolated from thoracic aortas of 9-to 11-week-old male db/db diabetic mice (BKS.Cg-mϩ/ ϩleprdb/J) (stock no. 000642, The Jackson Laboratory, Bar Harbor, Me) and control heterozygote non diabetic db/ϩ mice. Blood glucose levels of db/db mice were Ͼ450 mg/dL versus Ͻ140 mg/dL in db/ϩ mice. Human VSMCs (HVSMCs) were from Cascade Biologics (Portland, Ore). Gene expression was determined by real-time reverse transcription-quantitative PCR (RT-QPCR) and normalized to internal control ␤-actin. Chromatin immunoprecipitation (ChIP) assays with indicated antibodies were performed with lysates from formaldehyde fixed cells. ChIP-enriched DNA samples were analyzed by QPCR using primers that amplify indicated gene promoter regions (supplemental Figure I and Table I in the online data supplement). Data were analyzed by the 2 Ϫ⌬⌬Ct method and normalized with input samples. VSMCs were transfected using Nucleofection kits from Amaxa (Gaithersburg, Md). Monocyte-VSMC binding assays were performed by incubating fluorescently labeled monocytes with VSMCs for 60 minutes and washed, and the fluorescence of bound monocytes was measured. All results are expressed as the meansϮSEM. Statistical significance (set at 0.05) was tested by ANOVA or Student t tests using GraphPad Prism software.
Results

Histone H3K4me2 Levels Are Increased at Monocyte Chemoattractant Protein-1 and Interleukin-6 Promoters in VSMCs From Diabetic Mice
Our recent studies demonstrated that MVSMCs derived from diabetic db/db mice displayed enhanced monocyte chemoattractant protein (MCP)-1 and interleukin (IL)-6 gene expression and proatherogenic responses relative to those derived from db/ϩ mice, even after culture in vitro for several weeks. 16 Because chromatin histone H3K4me2 is associated with actively transcribed genes, we examined the hypothesis that increased MCP-1 and IL-6 gene expression may be attributable to elevated levels of H3K4me2 on these gene promoters in db/db MVSMCs. We first compared the mRNA levels of MCP-1 and IL-6 genes in db/ϩ and db/db MVSMCs by RT-QPCR. Results showed that MCP-1 and IL-6 mRNA levels were significantly enhanced in db/db MVSMCs relative to db/ϩ mice ( Figure 1A ), further confirming our previous findings. 16 Then, cell lysates from formaldehyde fixed cells were subjected to ChIP assays using histone H3K4me2 antibodies. ChIP-enriched DNA samples were analyzed by QPCR using primers spanning nuclear factor (NF)-B sites (supplemental Figure I and Table I ) of IL-6 promoter (Ϫ60) and MCP-1 promoter (Ϫ487), as well as MCP-1 enhancer (Ϫ2505 and Ϫ2342). H3K4me2 levels were significantly increased at the promoters of IL-6 ( Figure 1B ) and MCP-1 ( Figure 1C ), as well as MCP-1 enhancer ( Figure  1D ) in MVSMCs from db/db mice relative to db/ϩ. In contrast, expression of the housekeeping gene cyclophilin A (CypA) ( Figure 1A ) and its promoter H3K4me2 levels ( Figure 1E ) showed no significant changes. Immunoblotting of cell lysates did not show any changes in global H3K4me2 or H3K4me3 levels in db/db MVSMCs (supplemental Figure  II ), suggesting that changes in H3K4me2 may be promoterspecific. Furthermore, the recruitment of NF-B (p65), which regulates inflammatory genes, was also enhanced at inflammatory gene promoters in db/db MVSMCs relative to db/ϩ (supplemental Figure III) . These results suggest that increased H3K4me2 at inflammatory genes in diabetes may be responsible, at least in part, for the persistent expression of these genes by rendering chromatin near these genes more accessible to transcription factors.
Tumor Necrosis Factor-␣-Induced Gene Expression and H3K4me2 Levels Are Enhanced in Diabetic MVSMCs
We next examined whether the formation of open chromatin leads to enhanced responses to proinflammatory stimuli in diabetic db/db MVSMCs. MVSMCs were stimulated with tumor necrosis factor (TNF)-␣ (10 ng/mL), a proinflammatory cytokine increased in diabetic conditions. 6 RT-QPCR results showed that TNF-␣ induced expression of MCP-1 and IL-6 was significantly enhanced in db/db MVSMCs relative to db/ϩ cells ( Figure 2A ). Furthermore, ChIP assays showed that TNF-␣-induced H3K4me2 was significantly increased on the IL-6 promoter ( Figure 2B ), MCP-1 promoter ( Figure  2C ), and MCP-1 enhancer ( Figure 2D ) in db/db MVSMCs compared to db/ϩ. Again, neither CypA gene expression ( Figure 2A ) nor its promoter H3K4me2 levels ( Figure 2E ) showed any significant differences between the two cell types with TNF-␣ stimulation. Next, we examined the recruitment of RNA Polymerase (Pol) II to determine whether observed changes in mRNA levels were caused by increased transcription. Pol II recruitment at the IL-6 and MCP-1 promoters was also greatly enhanced in db/db MVSMCs relative to db/ϩ ( Figure 2F ). In contrast, Pol II recruitment to the CypA promoter was unaffected ( Figure 2F ). Thus, altered H3K4me2 may be a key mechanism for the enhanced responses to TNF-␣ in diabetic MVSMCs.
LSD1 Protein Levels Are Reduced in db/db MVSMCs
Next, we examined whether the increased promoter H3K4me2 in db/db MVSMCs could be attributable to decreased levels of LSD1, an H3K4me2 demethylase. Immu- noblotting of cell lysates with LSD1-specific antibodies showed that the protein levels of LSD1 were significantly reduced in db/db MVSMCs compared to db/ϩ ( Figure 3A , top panel, and bar graph in 3B), whereas ␤-actin levels were not altered ( Figure 3A , bottom panel). We also examined the protein levels of a cofactor, Co-REST, that is required not only for demethylation activity of LSD1 on nucleosomal histones but also for LSD1 protein stability. 28 As shown in Figure 3A (middle panel), levels of Co-REST protein were similar in db/db and db/ϩ cells. These results demonstrate that LSD1 protein levels are reduced in diabetic conditions and may contribute to the enhanced H3K4me2 at the promoters of inflammatory genes in db/db MVSMCs.
Occupancy of LSD1 Is Decreased on Promoters of Inflammatory Genes in db/db MVSMCs
We next examined whether LSD1 occupancy was also altered at the inflammatory gene promoters in diabetic cells. ChIP assays with LSD1 antibody showed that occupancies of LSD1 at the promoters of IL-6 ( Figure 3C ) and MCP-1 ( Figure 3D ) genes were significantly ( Figure 3E ) decreased in db/db MVSMCs relative to db/ϩ MVSMCs. TNF-␣ treatment (30 minutes) could also reduce LSD1 recruitment to the inflammatory gene promoters in both db/db and db/ϩ MVSMCs. However, these decreases at MCP-1 promoter, MCP-1 enhancer, and IL-6 promoter were significantly more pronounced in db/db MVSMCs relative to db/ϩ (Figure 3F and 3G). In contrast, similar changes were not seen at the CypA promoter ( Figure 3G ). These results demonstrate for the first time that enhanced gene expression under diabetic conditions in VSMCs could be attributable to reduced expression as well as reduced recruitment of LSD1, a negative regulator of H3K4me2.
HG Increases Expression of Inflammatory Genes and H3K4me2 Levels
HG is a major risk factor for the development of vascular complications 2 and can promote VSMC dysfunction. 2, 4, 7 Therefore, we examined whether HG can regulate inflammatory genes and alter histone lysine methylation using HVSMCs grown in NG (5.5 mmol/L), HG (25 mmol/L), or the osmotic control mannitol (5.5 mmol/L glucose plus 20 mmol/L mannitol) for 2 weeks. RT-QPCR data revealed that HG significantly increased mRNA levels of IL-6 ( Figure  4A ) and MCP-1 ( Figure 4B ) relative to NG or mannitol. Furthermore, ChIP assays showed that HG significantly increased H3K4me2 on both MCP-1 and IL-6 gene promoters compared to NG ( Figure 4C ). Conversely, LSD1 occupancy was significantly reduced at both these promoters ( Figure  4D ). These results demonstrate that HG can increase promoter H3K4me2 by decreasing LSD1 recruitment.
LSD1 Negatively Regulates Inflammatory Gene Expression in VSMCs
Next, we investigated the functional role of LSD1 in inflammatory gene expression. HVSMCs were transfected with siRNA oligonucleotides targeting LSD1 (siLSD1) or control oligonucleotides (siNeg). Cell lysates were collected 72 hours posttransfection and analyzed by immunoblotting with LSD1 antibody. As shown in Figure 5A , LSD1 protein levels were greatly reduced in HVSMCs transfected with siLSD1 compared to siNeg. Next, HVSMCs were transfected with enhanced green fluorescent protein (EGFP) expression vector, siLSD1, or siNeg and 72 hours posttransfection stimulated with TNF-␣ (10 ng/mL, one hour) to examine the effect of LSD1 gene silencing on inflammatory gene expression. LSD1 mRNA levels were reduced by 50% in HVSMCs transfected with siLSD1 compared to EGFP or siNeg, confirming LSD1 gene silencing ( Figure 5B ). Furthermore, TNF-␣-induced MCP-1 and IL-6 expression was significantly greater in HVSMCs transfected with siLSD1 relative to siNeg or EGFP plasmid ( Figure 5C ). These results demonstrate that LSD1 negatively regulates MCP-1 and IL-6 in VSMCs and further support a role for LSD1 in modulating VSMC inflammatory responses.
LSD1 Plays a Key Role in the Enhanced Inflammatory Gene Expression in Diabetes
Having demonstrated the role of LSD1 in inflammatory gene expression, we next hypothesized that LSD1 gene silencing in control db/ϩ MVSMCs will mimic the diabetic state and increase inflammatory genes similar to levels present in db/db MVSMCs. Conversely, overexpression of LSD1 in db/db MVSMCs should reverse their diabetic phenotype by reduc- ing inflammatory gene expression to levels seen in db/ϩ cells. To test this, MVSMCs from db/ϩ mice were transfected with siLSD1 or siNeg, and TNF-␣-induced effects were examined. Immunoblotting of cell lysates showed that LSD1 levels were reduced by nearly 50% in MVSMCs transfected with siLSD1 compared to siNeg ( Figure 6A ). RT-QPCR showed that both basal as well as TNF-␣-induced MCP-1 and IL-6 levels were significantly enhanced in db/ϩ MVSMCs transfected with siLSD1 relative to siNeg ( Figure  6B through 6E) . Next, db/db MVSMCs were transfected with plasmid vectors expressing LSD1 (pLSD1) or control EGFP (pEGFP) to evaluate the effect of LSD1 gain-of-function. In the same experiment, we also transfected db/ϩ cells with pEGFP vector as a control for db/db cells. Immunoblotting of transfected cell lysates showed that LSD1 expression in db/db MVSMCs transfected with pLSD1was increased to levels similar to that in db/ϩ cells transfected with pEGFP ( Figure  7A ). Furthermore, as shown in Figure 7B , db/db cells transfected with pEGFP vector displayed enhanced TNF-␣induced MCP-1 and IL-6 mRNA expression compared to db/ϩ cells. However, this enhanced TNF-␣ response in the db/db cells was attenuated when transfected with pLSD1, compared to db/db cells transfected with pEGFP. These results further support a key regulatory role for LSD1 in inflammatory gene expression in MVSMCs and suggest that its dysregulation can lead to sustained inflammatory gene expression in diabetic vascular cells.
Role of LSD1 in Monocyte-VSMC Binding
Evidence shows that VSMC-monocyte binding plays a key role in the development of atherosclerosis by promoting subendothelial monocyte retention, survival, and differentiation. 29 We previously demonstrated that VSMC-monocyte interactions are enhanced in diabetic MVSMCs, which may contribute to accelerated vascular complications. 16 Because this can be mediated by proinflammatory chemokines such as MCP-1, we next examined whether LSD1 can play a role in these heterotypic cellular interactions. HVSMCs were transfected with siLSD1 or control siNeg and 72 hours later, were serum-depleted and treated with or without TNF-␣ for 6 hours. Then VSMC-monocyte binding assays were performed as described in the expanded Materials and Methods section (online data supplement) using fluorescently labeled human monocytic THP-1 cells. As shown in Figure 8 , TNF-␣ significantly increased monocyte binding to HVSMCs transfected with siNeg. However, transfection of HVSMCs with siLSD1 significantly enhanced both basal and TNF-␣-induced monocyte binding compared to siNeg-transfected cells. These results demonstrate that, by negatively regulating or repressing key chemokines, LSD1 can play a key functional role in preventing VSMC-monocyte binding.
Discussion
In this report, we have demonstrated that the aberrant H3K4 dimethylation due to functional dysregulation of the H3K4 demethylase LSD1 function could be key underlying mech- anisms for the proinflammatory phenotype of VSMCs from diabetic mice. Increasing evidence shows that histone H3K4 methylation is a specific epigenetic mark associated with the promoters of actively transcribed genes. It serves as a docking site for various cofactors that promote chromatin remodeling to increase the accessibility of transcription factor binding sites on DNA, permitting increased transcription. 21, 23 Nucleosomal histone lysine methylation is mediated by lysine methyltransferases, which play important roles in gene activation and repression. 21 The recent discoveries of histone lysine demethylases highlight the dynamic nature of histone lysine methylation. 30 Dysregulation of this balance could lead to aberrant gene expression under pathological conditions. This is supported by our observation that both basal and TNF-␣-induced MCP-1 and IL-6 gene expression were enhanced in db/db MVSMCs and correlated with increased H3K4me2 levels at these gene promoters. Interestingly, these responses persisted for a few passages in culture suggesting that db/db VSMCs exhibit metabolic memory. The metabolic memory phenomenon was observed in the Epidemiology of Diabetes Interventions and Complications (EDIC) Trial in which patients with type 1 diabetes who were previously on standard therapy continued to develop microvascular complications in spite of subsequent intensive therapy. 31 It was also demonstrated in vitro in cultured endothelial cells and ARPE-19 retinal cells. 32, 33 However, the nuclear mechanisms were not identified. Histone lysine modifications are considered relatively more stable than other histone modifications such as acetylation and phosphorylation. 21 Thus, the enhanced H3K4me2 levels in VSMCs of diabetic mice may confer short-term memory to the gene transcription machinery and propagation of this could be a novel mechanism for metabolic memory, leading to persistent dysfunctional behavior of cultured db/db MVSMCs relative to db/ϩ cells.
Elevated levels of H3K4me2 on MCP-1 and IL-6 promoters could result from either increased recruitment of the corresponding histone methyltransferases or reduced recruitment of demethylases. Our present studies demonstrated that both protein levels and occupancies of the H3K4me2 demethylase LSD1 at the MCP-1 and IL-6 promoters were significantly reduced in db/db VSMCs, suggesting that the dysfunction of this demethylase could play a key role in the sustained proinflammatory phenotype of db/db VSMCs. This is supported by our observations of increased inflammatory gene expression after LSD1 gene silencing in nondiabetic VSMCs and its inhibition by overexpression of LSD1 protein in db/db MVSMCs. These results also demonstrate a negative regulatory role of LSD1 in MCP-1 and IL-6 expression in VSMCs. It is possible that the expression or promoter occupancies of related histone H3K4 methyl transferases such as SET7/9 or MLL 21 are also altered under diabetic conditions. H3K4me2 may also cooperate with other chromatin marks such as H3K9/14 acetylation and arginine (H3R17) or H3K9 methylation because evidence shows that concerted action of factors regulating these modifications would determine transcription status. Altered balance of such interactions under diabetic conditions may promote formation of open chromatin poised for transcriptional activation. We have previously shown that the arginine methyltransferase CARM1 and the histone acetyl transferase CBP/p300 play important roles in the regulation of inflammatory genes in monocytes in diabetes. 34, 35 LSD1 forms multiprotein complexes consisting of transcriptional repressors such as CtBP, CO-REST, and HDAC1 and -2. 24, 27 Thus, loss of LSD1 in diabetic conditions may promote gene expression not only via increased H3K4me2 but also through removal of LSD1-associated repressive complexes including HDAC1/2. HDAC1/2 removal would increase H3K9/14 acetylation and, along with increased H3K4methylation, may lead to open chromatin accessible to transcription factors and coactivators resulting in enhanced transcription.
MCP-1 and IL-6 genes are regulated by NF-B as well as CREB transcription factors. Our previous work showed that NF-B and CREB activities are enhanced under diabetic conditions including in db/db VSMCs. 16, 36 Additional studies are needed to determine whether LSD1 interacts with these transcription factors and whether this affects LSD1 recruitment and H3K4 methylation. Our present studies show that the protein levels of LSD1 were also reduced in db/db MVSMCs, indicating another level of LSD1 regulation under diabetic conditions. This was not attributable to the loss of Co-REST, a cofactor required for nucleosomal activity as well as of LSD1 protein stability. 27 LSD1 has been identified as a nuclear phosphoprotein in HeLa cells, 37 and, interestingly, the amino acid sequence 150 to 182 surrounding the phospho-serine revealed a potential PEST domain. PEST domains are present in proteins that are targeted for proteosomal degradation, such as like IB␣. 38 Additional studies are needed to identify the roles of phosphorylation and the PEST domain in modulating LSD1 protein stability in diabetes. Our results indicate that both decreased LSD1 protein levels and promoter recruitment play key roles in enhanced inflammatory gene expression in MVSMCs. HVSMCs were transfected with siLSD1 or siNeg, and, 48 hours later, transfected cells were transferred to serum-depletion medium. On the following day, cells were untreated or treated with TNF-␣ for 6 hours, and VSMC-monocyte binding assays were performed using fluorescently labeled THP-1 monocytes. VSMC monolayers were washed, and the fluorescence due to bound monocytes was quantified. Results were expressed as fluorescence units (meansϮSEM). *PϽ0.02, **PϽ0.014 vs siNeg (nϭ3).
Increased levels of inflammatory cytokines and chemokines can enhance atherogenic responses such as monocyte-VSMC binding. Our findings that LSD1 negatively regulates chemokine expression and monocyte-VSMC binding, coupled with reduced LSD1 levels in diabetic cells, further indicate that the dysregulation of LSD1 function may be among the mechanisms mediating the enhanced proatherogenic responses of diabetic VSMCs. They also demonstrate a new role for a histone lysine demethylase in VSMCs.
Hyperglycemia is a major risk factor associated with vascular complications in diabetes. 2 Our studies with HVSMCs demonstrated that HG treatment alone could lead to an increase in inflammatory gene expression, along with enhanced H3K4me2 and reduced LSD1 occupancy at the promoters of these inflammatory genes. Thus, HG-mediated signaling could be the initial trigger for aberrant histone methylation and metabolic memory in diabetic VSMCs. Studies are in progress to identify the key HG-triggered signaling pathways that may regulate histone lysine methylation under diabetic conditions.
Recent studies have linked the dysregulation of histone lysine modifications in the pathogenesis of diseases such as cancer. 39 LSD1 mRNA and protein levels were significantly upregulated in high-risk tumors and were suggested to be biomarkers for aggressive prostate cancer. 40 Our studies demonstrating aberrant histone K4 methylation and dysfunction of LSD1 in diabetic cells further highlight the critical roles of epigenetic modifications in human diseases and the need to develop novel therapies based on these chromatin events.
